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(54) MAGNETORESISTIVE EFFECT RLM AND MEMORY USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
magnetoresistive effect film of very small size less than 
submicron size, specially, a magnetoresistive effect film 
of minimum processing size and further a memory 
element using the magnetoresistive effect film. 
SOLUTION: Magnetic bodies 111 and 112 as constitution 
elements of the magnetoresistive effect film have 121, 
vertical magnetism and are in such shapes that when the 
magnetic bodies are viewed from the laminating direction 
of magnetoresistive effect films, the ratio of the length 
of the magnetic body to the width is 0.77 to 1 .30 and the 
length and width are both <1 |im. 
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( 2 

1 

S$©it^0.77«±1.30J^T«5^fflF»gTWD, 
ftttJHK. 

£W#J£ 1 ££fE©ttjMttttftj|yK. 
[W3&5C4] ffiEflti£tirtf»±S&JR. Fe:fcJ;tfCo£ 

wit-rzm&m 1^54 ©wrna*— fce*©«$uaR 
smhr. 

cw^jR 6 ] tineaiM!&mxff#*4>&: < t *m © 20 

#at-r^tl*3R 1*^4 ©Vi-rtl*^— KlflE*©«gUS 
[If ^cJS 8 ] 1 *>6 7 ©Vi-Ttl^— lcgH«©«S 

[|gi8©»«B^iaw] 

[0 0 0 1] 

©«§^t3»*Rfcwr*"b©Tr*o, a*a&j& 

[0 0 0 2] 

[ft*©gcflf] js^, H^tu^s^^^ua 

-WffittlSgfc^KfflV^tt, DRAM (^t5'^ • 

a • • **y> > FeRAM mmm^y^A • 

T^tX'^^'J) . y 5 y -> J.EEPR0M (m^Wj'SSoI 40 

*-C»S. £n5¥*#;*^y©4*tttt--ftHre* 
0, 5!&©1»&«l§»C*n>TS:fc3ft£;*^y£©T^ 

*«)-5i:1f$8«tB^TL^O. 7 5 y ~>^EEPR0M 

«5F**T?***«W*©«HW*»ft<. 1f$S©i«ji«!lS<C 

[0 0 0 3] ±IE©J:5fc¥£#* ;: &y©3p[#K2tL 
T, ««atflS*«*fflV»&^^:y (MRAM ; mSi.7>^ 50 
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(TMR; Tunnel Magneto-Resistance) 34S£?iJffl LifcMR 

[0004] mmiDmTtVTm^zn&mmBMi&m 

fc©^*^®^* (GMR; Giant Magneto-Resist a 
nee) JgtVH*, Al,0,^:t*©«68t#:<fefflV^«b©^lf 
>&#h>^JPSa* (TMR) J«tV»5. — JttfcTMRfltttGM 

[0 0 0 5] 08 (a) t'^T«t5»C, rooittl© 
^W/Jn^<. 0 8 (b) K*-TJ:5fc:, a-fb*-[B]^S¥ 

«, #«Mt»i2©±«t:ffiirr*«tt*i3*^^yjB. 
T*K«MW*«tt«uft*ttjJiib, ;*^yjg©JS&ffc; 
*rBj^fni#©*-g-<& rij , ferem©*-^ roj f? 

5. 09 (a) fcjjfc-riSfc* WKtt»©«fl22rfijJift& 
tfitr©»#. OSU&^^©tt£U^tttt:fttt/h3 

<, 09 (b) \z*k?£?\z. vtmmvmtoftfoi&Bm 
«ir> *»-p^^yjB©«tfls*r**«fer^*-c**t«^ 
tttttfctt«*sv>. 0 9 (c) icsftfiitz, & 
we©«tfb^**&^#T?, ^^t'JSoafb^ 
#ffl*T*S£«a«^mfctt«*#<. 09 (d) \Z 
^-Ti^tr, M«Ef*e©sa[<t:^**fei$iir©«-g-^^ua 
SitttMftW/hSv*. -3*0, &ffljg©ffi8fl3*f&jat£|ni€ 

yjBfctt roj a*i2&sn-o>s;L£K&y, Hftjast 
roj ^lassnrv^iitjc^s. 

[0 0 0 6] 

Hrt«fl3*jR"rattflc©-y-'f x*/h* < ltvk t 

«r*©S**^n-5. E.Y. Chen, S. Tehranni, T. Zh 
u, M. Durlam, and H. Goronkin: J. Appl. Phys., 81, 
3992 (1997) \Z£Zt. MRftMHWtt*©ft^l4 
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[ooo7] ^fc, m^mit^-rmit^m^rzmM. 
-u>y (^aE) a^mens. ^n«sa^x^;i, 

Katt#©0#£;»R^K^£V>5S*fe&£^\ £ 

>J >y««SO^T«?S:<^JC/2:*it), afbt45ia£# 
V^fc<i;5J^*|tIlcrBl<. Pt (2nm) / Ni, , Fe, , Co, „ (15n 
m) / Al l0 Cm „ (25nm) / Si-wafer©S^pOD#H|g(C 
*5^T, ftV*jS©S3£ljizni— SiUifa^^X-TMFM (m 
agneticforce microscope) £^V*Ti&fb ; t£3l : £:RlS|'"< 20 

©«£-«, ft£;£ft©^l£&«;**f££?£nfca*, «s 
£ h (co. 6 m-eab siE^cD»-&«^a5ica® « 

Mm*ii|-r, a^ss ^©Jt^o. im±\. 30jy. 

fc. |i^©J6m©Pt (2nm) / Fe 10 Co< 0 (15nm) / 

A1,0, (1.2nm) / Ni,,Fe,,Co,, (lOnm) / Al, 0 Cu lc (2 
5nm) / Si-mfeTO^m^MM^U^m^X^i:, -^»4 30 
f9S$t"H©it^o.77^±1.3O^T-r01 OfcH&ft* 

[00083 £z.zx, i&*£<D¥m#mamT.&ffi\z& 

ftSg/hftIX>J-fe (F) t40. 13MmSST$.-5. 51 
ftfU^TV^^tU SRAMO-fcJHM Xt4 

4of* tsnxir^. ^tiirML/TMRAM©-fe;u-y--rx«us 
psggiigsT^^^nTv^^stct^^F* t&o, sra 

*K©-9--f X(40. 4 1 u m x 0. 4 1 m m£AT fct" 3 Z. £ ififf S 
«SWtft«l*itOU-f Xf40. 13^mX0.13^mTS.-5^t 

[0 0 0 9] aMfcWtt, COAtCft*. -9-^5i7P>-y- 
^*©«t«iiaftJ!aiRJI!t*fll»-r*ii:*BWi:L, £5 
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[0 0 10] 

[mm&mfct&ititxD^m wftmfc&TF-rm&mz 

#M¥l l-213650-cai^.6.nTV^ «fc 5 KSitffigtfb*^ 

v^fe2o©a{b*r^i*5it)#-5fc«6^ ^UP^t 
[0 0 11] LfcdioT, ^ita<b$r*-ratt^*fflv^ 
ifl©tb5* l irja^Mt^SJ; 5 ^«t-T-5 i t ir 

*^vm?frz>z.t\z±r). mmmmmt^v&mm 

BltE-eafe-S. ft£<h"l§©Jt£0.77fiLkl.30EJrF©*gfflrt 
[0 0 12] ±E»«»43E*»T?**Cli:*^rtf. 

[0013] *&, ±ra#RiiRjrc&« 

[0 0 14] mW.m<m£lsT\t, Gd, Dy, Tb^©#± 

m&mfrzmiitiz'PteKthimm&Tcmtco* Fe, 

^KtAltSf iJStt*, Co/Pt#jl& 
^Mi*^SICOAX*&TM> CoCr«OKBSX^(^CD«r 

U«Ett#»4, AMtk*U"C*-5a'fbfti^ : &^L> a^€r 

[0 0 15] *X9iOttflUiacnJHRizJBV^n«mt 

[0016] *«»©ytijtt, amja^mjK*^^ 

[0 0 17] 

[fgf53©*J6©ffi^] *^B^©HM©^^lt^>Vi 

[0 0 18] HlttPt (2nm) / Tb,„ (Fe, 0 Co <0 ), 0 (15n 
m) / A1,0, (1.2nm) / Gd, 0 (Fe« , Co 4 , ) , „ (15nm) / Al 
l0 Cu 5 0 (25nm) / Si-waferCD«JRttcStS»«R©«ftffiK 
*«OWftja*Tr**. fefc*LfiaMSta«jm^«0.2Mm 
x0.2/zm©IE^T$.t). Tb,„ (Fe 50 Co 40 ),o iGd,„ (Fe 
. o Co 4 „ ) , o teliliEi&fb . 

[0 0 19] 01 tmi 0*ltfeLTfc^S±5J^ S 
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[0 0 2 0] HI ltt±«iSrtfl^*jRr«tefl:&JBV» 
fc«^St»«RO1f-fX*10iuinXl0/imlCb, VW 

te«su^ft**«jjfebfcje*T**. z\<d£?iz. -y- io 

5. 

[0021] 012 it±tmfismfc&*kTM&#*m^ 

[0 0 2 2] ±e©tt*fc*vvr<b:b)&*.6.fc3fc:, ®f*j 

v>„ aafi-r**»«*'S'tr*ifc©i8*cj;n«, sub 

«Mt*fcO«K*tf SS3Ott:*10.77ei 

[0 0 2 3] SK«flS**r«tt*fcfflVi6n*#±§SI 30 
&M«Gd, Dy, TbffUfMlzm^ZnZo mit&BM^ 

fc***F*l/V». bTteFe, Co, lfi*»» 

j8CfflV»6n*J&», Fe<hCo©^&«;X 

[0 0 2 4] «affifita»»JR©2t3©«ttfls©|Blc»^ 

#©»-& <h tfc«E-r * £-mzmm.&,m&<b<D±g a a* 40 

irjMiR£*"i&. *e^©«-&irfaAi,o,*<«pji«r 
[0025] #fg0J!©a^«tt^mi8lte, ^tyjRTi 
arc**. 

[0 0 2 6] ttfttttt!tt«K^CDlM|©eflKaHRniC 

««s#©^]jptcj:oTfffcns. jg&M^snfc^y 
?©«E-fk©*SteS-a--5«t'5»cK#*giin-r*^d t & so 
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[0 0 2 7] CftS^StWStLT, «*.t**tne 
tl©* : Ey*?©nil£**eBU £*ifc*«E*8KUT 

5. SE#b«ta«hr-5^ : &ym : ?©^y tca&-54*©» 
sue ^tyjR^K^bTrau^fcffli^Bijnstis 

£ 3 Kl^SI B'ra©^ ; €:y^(c©*.ft ! b^;^- 

[0 0 2 8] ±HEIH«*j*tt, ^t'JSfC^lTifi 
*fSi©a#©**fl!V^^Tafe-5*^ ^^'Jifl:^ 

WfciMWiijiKTr**. ^^yn^owtsMi 
^y^oiffiasvittTaBKfcSMi 

t^©s^«— w-ffift bfc n«t 5 icfe un©ea 

-T*. 21©«t5{c:E$nfe^©5-&l2SL/«t5 

a © * =e y *t©-t <mz $> s aggg irmsst * st b x, 

t>msst £»e b* t y *-yfc:jR®rt#ft©iKJit*BUia 
-rs. cc-taic-rsi, «sfrt*ift©«*i, jibs 
a^r&i ©a# & ra w fcwip s n:t ^ ^ y jr^ © hj 

-rs - 1 TrjKSf»ja*»*M©i»«s#iS"r* £ t*wr 

[0029] ws©ss*abfc«asu^n;3ai*^ 
k*»*»£u ««ffirt»*Bt©«flE*tttH-r*iit*r 

fcJK®Sit#fflTrt>£5&T*>*ito£v». ua»u si® 

nsrt^t^Tus. ^^yjdTdmuRiK©*^ 

[0 0 3 0] 

[IIJtM] *tt, *%BJ©a»ffifet5«&*J^lcov^T, 

mm\zm~j^x-z t>\zuv< ®m?z>. 
[0031] mmm- d 12 \znm&\- 1 ©a«s 

[0 0 3 2] **iS^J-r«, IStbTS i (->IJ3 

» isioosfflu, z\<D±\zmi ©ait^i 1 1 ii 

bT15nm©«iP©Gd,. (Fe t ,Co <t ),oK> (h> 
1 1 3£bT1.3nm©J£/P©Al,0 1 J&, fg2 
©ai4K 1 1 2 i:bT15nin©$|J?©Tb,o (Fe, 0 Co (0 ) 
»H. «aUKl 1 4 <h bT2nm©PtJK : £Jli^fi£bfc. P 
tfflttt«ttat©Kfl:*©iB<tftRF<*©fcW»Tr**. ^ 
dT?Cd,o CFe,,Co 4 ,),,JK*i(^Tb,, (FesoCo (0 ),olK«t* 
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JfttnBiMWKSIIfcisLfc. Xyy>£f«, 34nm©®|J?©Al 

b , ±^mm tGdt o (Fe, .ConJuItCH©! 
&»R*fT3&J&©ilftiM){l 2 

U y ht7SI:ioT±^H 1 2 2 SAlflttJ; DffcH 

coo33] m & nfcasuatri5a*ji«BgBaig*^ t i o 

2MA/m©?i^-£SlJl]U Tb,„ (Fe, 0 Co,„),,,M©fi8{fc;£El 
3in^7jftl£ftte#^£fTo>t. fcfc'U lcmft©Tb 
, o (Fe, o Co, o )„ m<D&mtl teO. 6HA/mt±£tlLm&7ji 

ffifc^TtTSSftS. 

[0 0 3 4] fiS«J4fetS&mjl©Ji8U«S 1 2 2 tTSB* 
S (S 0 0) fc£*««WS»f*U-EGd,, (Fe 

• oCo 40 ).olS<i:Tb,o (Fe, 0 Co5c)8oKCDF^OAl,0 3 J^113$ 

n t fc£ 0 Og&ffl&jlUKottjEQXft; (fit 

[0 0 3 5] (HJSW-2) nMM-l<DU 
iSXhTjrm Ctaltfft) 40.2tfmX0.2jimtl/fcPJl^ 
t«lM-l i:RI«t bfc. ^©a^ttttattiSCDJW^iSg 
«*H4IC, «jtUS0t»«RcD»riiicD«IAH«H2ic^ 

■r. 

[0036] (*»«-3) ^iswa, nmm-\<Dv 

h^tt£lfim 2y m©R^£ bfcM^teg|IS0!!-l 

*©««ttSt*lllO«J6li*tH5»C, 30 

[0 0 3 7] (HlSfif!|-4) S iS« (S i «7XA) _k 

n*3fr3?tJ©9o©^^u^jclHIXb, ^^&u-fe;u 

£©*^'J©lHjS§#t0££|g6(;:^-r. uco^tutli, 
W$fi©fH^ite. f?rM©;<^UMST»£BrtB&#£SaHS£# 
ftSttQLTfrtoft*. fcfyhlfcfc* 
«E*«EbT»feS**. 40 

[0 0 3 8] «*©E»Sff'5;fc»©«j£fcL-T, 06 
K^f «t -5 K, ^ ^ U P-f Kite 9 j@© * t 'J MIT 

(ffl&Uftla3&Sflg) 101-109*53X3 (rSB^iJ IT 

•€ra*iS3 ii~3i 4^i9:tee»nTv^. ens© 

• €fii*»3 11-31 4©H*±SBtt*afcS5l«U, 

H*T*fctt, -tn^n, nn6»€ra««3 i i~3 

1 4£«ii4 1 1 ICfiStt-r-&fc«>©h7>^^ 2 1 1 
-2 14.!:, E^3 0 0 K««rr*ifc«>© h 5 >5?X* 

2 1 5-2 1 8ijWSttSftTV»*. 50 
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[0 0 3 9] «f»©tt#mL£ff3fcJ&©*J*£ 
l/T, ft^^UJR^ (atffiS0tiftJRK) 10 1-10 9 

©— ffitcte, ■en-^nia^jK-to^^ujR^ssjfls-rs 

^Je>©h7>> f X^2 3 1-2 3 9S^SnT(fi«. 
HIM 3 1~3 3 3ttfrCT£fc«tt&ftT#?>, t* 

h^3 3 i~3 3 3©H**sBcfi, -t-ft-en, H£ 

Sfcxl 5 OS^bt^nSf-; ^331~3 3 3Sf 
S(4 1 2Jd^-r«>fcie)©h7>> J 7>^2 4 0-2 4 2 
t, cnStfy h»3 3 1~3 3 3*E*3 0 OfcfljlK 
•T-5feJ6©h7>v ? X^2 2 1-2 2 3 atg&teeftTV* 
*. h*>y hH3 3 1 tea^jftftgft*^ 10 1-10 3© 
fl&MKSSttU fcfy h«3 3 2 Iftttfttt&tftjRK 1 0 4 

- 1 o 6 ommzmtfiv. tr? 3 3 3 tta&j&&t& 

miK 1 0 7 - 1 0 9 ©«j8fc:S«rr.6. t» hi3 3 1 
-3 3 3<DK*£ttttft9ttfle3tl«&&<blC, 
5>*^2 5 1 «r^bTCne»t*>y h^©«fi:t*mttJE 
R e f t©^Sr«|irs-t:>7.T>y 5 0 0 fcSMfcU 
ifch5>yx^2 2 4 4^bTS*ifil:gtbTli 
5. "7-KH13 4 1— 3 4 3d^jritC|9:tee. 

ftT^O, •7-P»3 4 1tth5>^2 3 1 I 2 3 
4, 2 3 7©y-H;gib, 7-Ki3 4 2tth7> 
•^2 3 2, 2 3 5, 2 3 8 ©y- MC«ttU "7- 
h'S3 4 3IJh7>^5'2 3 3, 2 3 6, 2 3 9©y 

[0040] mmsZi*^jm?<Dim.m<»mib&m]gi 
tt&bMtm i o 5 <Dmfc&mvitf)\zRfe2i£z>m-&, h ? 

>-7X^2 1 2, 2 1 7, 2 2 2, 2 2 4 £zgStfcgglr 
U ^©ffi©H5>^X^te»K^l;:bT*5<. £© 
Jc^K-r^xtmSitte, S^ii^3 12, 3 1 3£8it 
ft. a^iSKl 0 5 ©^BKMbTSitfcTjftt;: 
SBIWBWmSns. fcfy higJ3 3 2 ic 

»ft, cfticj:oT»4-r*«*»4at»}iaft3»*Bii o 

5©KHfc»bTiBrt*lAlK:Rl36DSft*. bfc^TSS 
^JftSi8&»IKl 0 5 tteiK®rt^©a#ttt:^6<)^:# 

fcii©^^©^^^^*^©-*?, a$ti&&t% 

Slfcl 0 5©aft*ReT-5^t^BlfiMTaf5>€.. -^©te 
©a^JStt^M 101-104, 1 0 6-1 0 9 \Z-D 

^xte, a^strL^Ki o 5 \z$ifia-$nz>m}£<Dffi.ft 
teWira$ti^v^©-c, -c-oswb^r^Rfibjftv^sfc 
tSutitTfS. ttJU. «»E©^:^$$r^»Cfe*^ 

dtc«toT. amjsfit^mKi 0 5 ©WKf testes 

•ar^ii^Bjfigi^^. ^dt?ai^fc©ite±T 

a?77(S]©a#*a^}atix^*ai i o 5 »cBijn-r-g>»^- 

te, h^>v ? X^2 1 3, 216, 222, 2 2 4^1 
iitf&ICU J tom<Dh7>i?X?ltmWiVtmizLT& 
<„ ^©J;5lcT-5«h«i5fE*if>> h^3 3 2&ffiftTM 

msffi%}%mi o 5 \zttvxmmfti}KQ\zm&wfP$ats 

tlZ>tth\Z, ##ii^3 13,31 2«r±iti<i:te3ft 
©7j[6]lC®SS*tffin, JKmjftgiSSft^ 1 0 5^te^7jr6] 
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vmMmmjj&KDmft&wtiaznz. Lfc^t, mm. 

[oo4i] K\zm&mis%f<»Wifrikwm?z>. 
mmm^m i o 5tztm^nrzmm^m^m-r 

mmvtm\z-rz>. t^iii4 i 2, rammi 5 0*5 
icxa^JSfexx&sjii 0 5i)mmz&wnsntc®®tte 
bfcibi, mammta, e^jgfeti 5 o<Dm.im.m 
t m%.ts.ifi$bmm 1 0 5 (Djg&m t ©id-g-^^n^n© 10 
s&mztts.znz>. *M«jE«0^$nTv^cD-c, a 

±>xryy5 0 o-vm^ta-rz\tiz^r), mmm^ 
&mi 0 5 \zmm$ftT^z>m$Bi&wiz>-m?z.}i&-zz 
•5. 

[0 0 4 2] @7H ^Oi^^tUSfOl^O 

03.04 rocs 5 \z$>}fz>mm,mn%>mm 1 0 5 ©ja 

^^StlT^S. 0J;U£. pfSiSSl6 1l;20 20 

(Dnmmm^m 1 6 2, i6 3A«$nifcD, 

£>©RS!t;:;i&8tJS 1 2 3 ^LT7- F«l hftffi) 

LTnfflS««*l 6 2KS**3 5 6fcS&8fcU n> 
^h7 P 7^3 5 2, 3 5 3, 3 5 4, 3 5 7tn-^j 
)VmB3 5 8 t^tTnSffl®«l 6 3 Kfl&UttK 

i o 5 *aarr*. m^t&mMm losn $ 

3>^^7 h7?if3 5 5 4iMTE-> hi&3 3 2 

3 1 2, 3 13^*13$ 30 

[0 0 4 3] (fttfeft) 0 2 teifc&MOi&mtetaS&mjgl 
©8ffH£«i5SWK5rr. 

[0 0 44] SfttbTS iSSl 0 0£fflV^ £©_h 
KglOftttftgl 1 1 £bTl5nm©ffl|Jit©Ni,,Fe,,Co,„ 
#®tttBI <h>*;HftfM» 1 1 3£L-tl.3noi© 
&/¥©Al,0,&, K2 0ffl4gl 1 2£LT15nm©jRff 
©Fe,oCo,,JBI, &&&1 1 4 <hbT2nm©Ptgt£ja*^ 

>^», 34ra0JR*®Alt%jRej£KU S&fcl^X 
h*J:tf-*©±«©Al,ftjK««JSU ±gC*StNi iS F 
e l ,Co,.JRtOiaiO««|ft»Sff5fcJe>«Die»itl 2 1 

2 2«AWtfcJ:D«MHU ±««il:lbnTV>ftV»l 

#©ai, o, kTaajfciais£sart-r*fc»© 

[0 0 4 5] E©J:3KLT»&n&«SU^8&*lllfc 
*fU ^HHF*J*-[6HC2MA/ni©«S#*qij!)nb, Fe, 0 Co 4 0 50 
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mvmit zwMmftjjfa \z an nmm&fr r> it. 
[0046] mm.m.mmmm<^±^mm 1 2 2 £Ta$« 

i (Sil«100) ^««E*«*ttttb-CNi l( Fe,, 
Co to ^iFe,oCo,„M©ffl©Al,O s ^l 1 3S« : f**h> 

•initio a^JSfiiS&*JK©«jE©^b (a^uast* 
M) fcfctebfc. -?-©*§m£0 1 3 ic^T. 

[0 0 4 7] 

[»BJ©x&m] ±B©«fc, *^lrJ;Si:-9-y5^D 
* E £ ««T5(BTr* 0 . S 6 £tt«£U&ift&SI9E« .* * U 

[0®©f8*&t&Bjj] 

[01] 0.2wmX0.2^m©-9-'fX©*^©^J5fit 
[02] SUS09-1. 2, 3 43J:rttMft0!|fc82«©«*t 

[03] *k«- \\ztm.<D*^m<DmmmMmm<D 

[04] *Js^-2ictB«©*^©a«jafei^j^© 
a^uaet ©as jyea-c * * . 

[0 5 ] hmw- 3 \z&m<D*&mc>wmffi%bmm<?) 
Mm.rn.rn iimr ©aerc&g *-? & s . 

[0 6] $zmm-4<D**:y<Dm&WMm&m&j:zm 

[07] HM«-40^qEU©-«»<D»fBi*wbfc« 

5t0Ta&£. 

[0 8] (a) \*mm&m$bmm<omfc&¥fTt£Vt&& 
ma.W)\ZK~?mmm. (b) izwm&ffisb&m&mfct)* 
R¥-?ttevtm$:mj£.m\z5k-fwimm-z&2>. 

[09] ®rtafbjK$:fflVi7tfie*©®Emja6i«i^^*3 

^•SfE®W^HS«:iftBJ-r^fciie)©0T*oT> (a) 
43 «fc Zfi (c) fEgfc-lifg r l j ©^WL$:fT5*-e- 
©a{fc;©«l8*MiC;Wlc^-rB?f®0, (b) 43 J: U 
(d) a, caw* roj oM5*ab*fT'5»^'0«Mis 

[0io] &*omm.mm®&m<nmfi!i.ffln&m<Dwm 
[011] fie*©«tguftst^i»jii[©ffiE^uatitffii^©a!i^ 

[012] ^©aaffifet^JgOSSajftfet*^©^ 

[013] &mm\z%zm<nft&<Dm%mfim$km<nm% 

[«F*©8W§J 
l 2 

i3, 14, in, 112 m&m 

10 0 Si 



( 7 ) 



10 1- 
113 
114 
12 1, 
12 2 
1 5 0 
1 6 1 
1 6 2, 
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i o 9 mmmm^m 



1 2 3 

1 6 3 nm&mi%® 
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5 1 V7>VX? 

3ii~3i4 mm im^^m) 

3 3 1~3 3 3 MyVm. 

3 4 1-3 4 3 (Y-bW.M) 

3 5 1 — 3 5 5, 3 5 7 iy i? t> V?? V 

3 5 6 mmm 

3 5 8 U-%)U&m. 

4 11, 4 12 mw. 



2 1 1-2 1 8, 2 2 1-2 2 4, 2 3 1-2 4 2, 2 



5 0 0 



mi] 



100 



o 

i" 

IS 

* 94 



92 



90 





" • i 












r i 

s _ 




:::!:! 


I i | 

1 
: 
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r*i 

> . i i 


1 II l 1 II 

: 
I 
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i 



-600 -250 0 +250 




+500 



[0 8] 



0» 



100 Sifttf / H3 

ill 3Pi«Btt4» 



[04] 



15J0 



IS 1175 

M 



12.5 



[0 3] 



-250 0 +290 



225 



3*210 



200 



-500 



+600 





; ■ ' T 








: 

[ 








| 












i 

1 - 
















1 - 







0 +250 

BftttiMoa 



[0 7] 



+500 




( 8 ) 
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[me] 



im9] 




ITU 




12 

14 tt&ff (ttttS) 
13 
12 
14 



[010] 



1 1] 



1100 




+600 




0 +250 

HttDttJl Co.] 



[012] 



imi 3] 




1400 



0 +250 




+500 



-500 



-250 



0 4-250 



♦500 
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(51) Int. CI. 7 

H01F 10/16 
10/30 
10/32 

H0 1L 27/105 



mm* 



F I 

HO IF 10/16 
10/30 
10/32 

H0 1L 27/10 



7-73- K 



4 4 7 



